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SECTION  1 


INTRODUCTION 


The  response  of  tracked  and  wheeled  vehicles  to  blast  waves  in  a 
tactical  nuclear  warfare  scenario  Is  of  considerable  interest  to  military 
planners.  In  order  to  predict  such  response,  Kaman  AviDyne  previously 
developed  for  the  U.S.  Army  Ballistic  Research  Laboratory  a  complex 
computer  program  called  TRUCK. 

The  TRUCK  program,  Reference  1,  was  originally  developed  to  analyze 
the  blast  response  of  either  a  soft-  or  hard-mounted  communications 
shelter  on  a  truck,  including  either  soft-  or  hard-mounted  equipment 
racks  within  the  shelter.  As  such,  both  gross  motions  of  the  truck, 
including  vehicle  overturning,  and  motions  of  the  shelter  and  its  internal 
equipment  relative  to  the  vehicle  body  are  considered  in  the  program 
response  through  inclusion  of  the  necessary  multiple  degrees  of  freedom. 

For  less  complex  dynamic  models  involving  a  smaller  number  of  degrees  of 
freedom,  the  code  retains  its  inherent  ability  to  predict  blast-induced 
system  response  but  with  a  reduction  both  in  modeling  requirements  and 
computer  running  time. 

In  the  study  presently  being  reported,  the  TRUCK  program  was  applied 
to  the  analysis  of  four  different  Army  wheeled  vehicle  systems  exposed 
to  blast  loading  in  the  DICE  THROW  field  teBt.  During  this  event,  which 
took  place  on  6  October  1976  at  the  White  Sands  Missile  Range,  New  Mexico, 
the  Ballistic  Research  Laboratory  conducted  projects  concerned  with 
determining  the  response  of  communication  Bystems  and  a  number  of  vehicles 
to  the  blast  loading.  Additionally,  the  Ballistic  Research  Laboratory 
performed  measurements  to  document  the  air  blast  phenomena,  and  the  measured 
pressure  time  histories  were  the  basis  of  the  aerodynamic  loadings  employed 
in  the  TRUCK  analyses.  Three  of  the  vehicle  systems  studied  were  different 
load  configurations  of  a  2  1/2-ton  M35A2  cargo  truck  while  the  fourth 
system  examined  was  a  1/4-ton  M38A1  utility  truck,  commonly  referred  to 
as  a  jeep. 

Three  of  the  four  wheeled  vehicle  systems  were  analyzed  for  two 
different  incident  pressure  levels  and  two  different  vehicle  restraint 
conditions  in  order  to  simulate  the  actual  conditions  experienced  by  the 
systems  in  DICE  THROW.  The  fourth  vehicle  system  was  analyzed  only  at 
one  incident  pressure  level  and  one  restraint  condition. 


Reference  1.  Hobbs,  N.P.,  et  at,  TRUCK-A  Digital  Computer  Program  for 
Calculating  the  Response  of  Army  Vehicles  to  Blast  Waves. 
Kaman  AviDyne  TR-136,  March,  1977. 
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In  Section  2,  a  discussion  of  the  various  vehicle  and  loading 
configurations  analyzed  in  this  study  is  presented.  A  brief  overview  of 
the  TRUCK  computer  code  capabilities  and  input  data  requirements  is 
included  in  Section  3.  Sections  4  and  5  describe  the  mechanical  and 
aerodynamic  models,  respectively,  developed  for  the  various  vehicle 
system  configurations  analyzed.  The  aerodynamic  loads  employed  in  the 
TRUCK  response  runs  for  the  various  vehicle  systems  are  included  in 
Section  6,  and  Section  7  presents  the  results  of  the  TRUCK  analyses. 
Finally,  Appendices  A  to  E  contain  the  TRUCK  code  input  data  listings 
for  the  system  configurations  analyzed. 
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SECTION  2 


VEHICLE  SYSTEM  CONFIGURATIONS 


2.1  introduction 

As  stated  In  Section  1,  blast  response  analyses  of  four  different 
Army  wheeled  vehicle  systems  exposed  to  blast  in  the  DICE  THROW  field 
test  were  conducted  In  the  presently  reported  study.  Three  of  these 
wheeled  vehicle  systems  were  basically  M35A2  cargo  trucks  with  different 
load  configurations,  while  the  fourth  vehicle  was  an  M38A1  utility  truck 
often  referred  to  as  an  M38A1  jeep. 

2.2  M35A2  Truck  Configurations 

The  configurations  of  the  truck  systems  to  be  analyzed  were  specified 
in  References  2  and  3  as  (1)  an  M35A2C  truck  with  an  S-280  communications 
shelter  tied  down  in  the  cargo  body,  (2)  an  M35  truck  with  stake  sides 
but  no  load  in  the  cargo  body,  and  (3)  an  M35  truck  with  canvas  top 
raised  over  the  cargo  body  and  loaded  with  concrete  blocks  to  simulate 
cargo.  All  three  configurations  were  specified  as  including  no  winch  on 
the  vehicle. 

Figure  1,  which  was  used  as  a  guide  in  formulating  the  computer 
models,  is  an  unaltered  copy  of  an  original  drawing  of  the  2  1/ 2-ton, 

M35A2  cargo  truck  and  shows  the  basic  truck  dimensions.  Attempts  at 
differentiating  between  the  major  characteristics  and  dimensions  of  the 
M35,  M35A2  and  M35A2C  truck  versions  were,  as  a  whole,  unsuccessful  and 
the  minor  dimensional  differences  which  were  determined  were  considered 
to  be  relatively  unimportant.  Consequently,  the  primary  configuration 
of  the  M35A2  truck  without  winch,  as  dimensioned  in  Figure  1,  was  employed 
as  a  base  for  configuring  the  three  truck  versions  to  be  analyzed. 

The  major  components  of  the  M35A2  truck  are  the  cab,  the  engine, 
the  cargo  body,  the  frame  or  chassis  which  supports  those  three  components, 
and  the  running  gear.  Of  these  major  components,  only  the  cab  and  the 
cargo  body  can  be  reconfigured. 

The  top  of  the  cab  above  the  doors  is  a  supported  canvas  structure 
which  is  removable,  and  the  cab  windshield  may  be  either  erect  or  folded 
down  onto  the  top  of  the  engine  hood  when  the  cab  top  is  removed.  The 
cargo  body  bed  is  solid  structure  at  the  front  and  sides  and  extends 
vertically  approximately  14  inches  (.36m)  above  the  cargo  bed  floor. 

The  rear  of  the  cargo  bed  may  be  either  open  or  closed,  depending  upon 


Reference  2.  Contract  "Scope  of  Work"  Statement. 

Reference  3.  Wheeled  vehicle  and  shelter  physical  data  contained  in 
private  communication  from  Noel  Ethridge  of  BRL  in 
Spring,  1977. 
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whether  the  movable  tailgate  is  down  or  up.  Although  not  clearly  indicated 
in  Figure  1,  the  cargo  body  may  be  reconfigured  with  stake  sides  such 
that  both  the  front  and  sides  of  the  truck  are  enclosed  by  gapped 
longitudinal  slats  attached  to  vertical  stakes  which  extend  to  a  height, 
of  approximately  36  1/2  inches  (,93m)  above  the  cargo  bed  floor. 
Additionally,  with  the  insertion  of  bowed  support  frames  above  the  stake 
aides,  a  canvas  top  may  be  added  which  completely  encloses  the  cargo 
body  on  the  front  and  sides  and  leaves  only  a  small  opening  at  the  rear 
of  the  truck. 

As  analyzed  in  this  study,  then,  all  three  of  the  previously 
mentioned  truck  configurations  from  the  top  of  the  cab  door  and  the  top 
of  the  cargo  body  bed  downward,  which  represents  the  unchangeable 
portions  of  the  vehicle,  were  identical  and  as  shown  in  Figure  1. 
Additionally,  for  all  three  configurations  the  cab  side  windows  were 
open,  the  windshield  was  erect,  and  the  cargo  body  tailgate  was  in  an  up 
position.  For  configuration  (1),  the  only  addition  to  this  base  con¬ 
figuration  was  an  S-280  shelter  tied  down  in  the  cargo  bed.  No  canvas 
top  on  the  cab  was  included  in  configuration  (1) .  Configuration  (2) 
included  the  canvas  top  on  the  cab,  no  load  in  the  cargo  body  bed,  but 
the  slatted  stake  sides  were  erected  on  the  cargo  body.  Configuration 
(3)  also  Included  the  canvas  top  on  the  cab,  a  5300  pound  (2404  kg) 
load  of  concrete  blocks  and  supporting  timbers  rested  on  the  cargo  bed 
floor,  and  the  canvas  top  waB  erected  to  enclose  the  cargo  body. 

2.3  M38A.1  Jeep  Configuration 

Unlike  the  three  different  M35A2  truck  configurations  requiring 
analysis,  only  one  basic  configuration  of  the  M38A1  Jeep  was  analyzed. 

As  specified  in  Reference  2,  the  basic  configuration  to  be  examined  was 
the  Jeep  empty,  with  no  canvas. 

The  specification  of  Jeep  empty  indicated  that  no  cargo  was  onboard 
the  vehicle  and  the  specification  of  no  canvas  indicated  that  neither 
the  removable  canvas  top  nor  the  removable  canvaB  side  curtains  were  on 
the  vehicle.  Figure  2  portrays  the  1/4-ton  M38A1  jeep  with  canvas  top 
erected  but  without  the  side  curtains.  The  basic  configuration  of  the 
Jeep  so  analyzed,  then,  was  as  shown  in  Figure  2  but  with  the  canvas  top 
removed  from  the  vehicle.  The  possibility  that  the  windshield  wsb 
folded  down  onto  the  hood,  achievable  only  in  the  no  canvas  condition, 
in  the  DICE  THROW  field  teat  is  of  negligible  importance  as  will  be 
indicated  later  in  the  report. 
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SECTION  3 


TRUCK  COMPUTER  CODE 


3.1  Introduction 


The  computer  code  which  was  employed  to  analyze  the  response  of  the 
vehicles  discussed  In  Section  2  to  blast  exposure  In  DICE  THROW  was  the 
TRUCK  computer  code.  Within  this  section,  only  an  overview  of  the 
capabilities  and  Input  requirements  of  the  code  will  be  presented. 
Reference  1,  Kaman  AvlDyne's  report  on  the  development  of  TRUCK,  should 
be  referred  to  for  explicit  details  of  the  program. 

3.2  Capabilities  of  the  Code 

The  TRUCK  code  was  formulated  basically  to  have  the  capability  of 
analyzing  the  response  of  a  truck-mounted  communications  shelter  exposed 
to  a  blast  wave.  In  Its  simplest  concept,  therefore,  consideration  had 
to  be  given  to  items  such  as  the  non-linearity  of  the  vehicle  suspension 
system  and  the  complex  tire-ground  interaction  effects,  Required  con¬ 
sideration  of  the  possibility  of  either  or  both  of  the  shelter  and  its 
internal  equipment  racks  being  soft-mounted  instead  of  rigidly  attached 
added  to  the  program  development  complexity.  Additional  consideration  of 
all  or  part  of  the  vehicle  lifting  off  the  ground  or  even  overturning, 
as  well  as  consideration  of  both  the  diffraction  and  drag  loading  phases 
of  an  arbitrarily  oriented  blast  wave,  further  increased  the  program 
scope. 

As  finally  developed,  the  code  has  the  capability  of  analyzing  the 
response  to  an  arbitrarily  oriented  blast  wave  of  either  a  hard-  or 
soft-mounted  shelter,  with  either  hard-  or  soft-mounted  internal  racks, 
on  a  wheeled  or  tracked  vehicle,  with  a  non-linear  suspension  system, 
and  parked  on  a  possibly  inclined  surface.  The  large  number  of  degrees 
of  freedom  included  within  the  program  permit  examination  of  large 
displacements  and  rotations  of  the  vehicle  including  overturning,  as 
well  as  individual  motions  of  the  vehicle  axles,  the  shelter,  and  the 
internal  shelter  racks,  relative  to  the  vehicle  body.  Bottoming  and 
rebounding  of  the  suspension  system  springs  are  Included  in  the  code, 
and  the  tire-ground  interaction  modeling  permits  the  tire  to  leave  the 
ground,  to  recontact  the  ground,  to  slide  along  the  ground,  and  to  stop 
slid ing. 

Options  within  the  code  permit  repression  of  various  degrees  of 
freedom  when  analyzing  problems  of  lesser  complexity  than  those  indicated 
above.  The  truck  and  jeep  configurations  analyzed  in  this  study,  for 
example,  did  not  require  consideration  of  all  the  degrees  of  freedom 
available  within  the  code.  This  point  may  best  be  illustrated  by 
describing  certain  of  the  input  data  requirements  as  they  applied  to  the 
study. 
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3.3  Input  Data  Requirements 


The  majority  of  the  input  data  required  by  the  TRUCK  code  may  be 
characterized,  in  general,  as  mass  data,  spring  data,  tire-ground  data, 
aerodynamic  model  data,  and  aerodynamic  load  data.  The  present  discussion 
will  be  restricted  to  a  general  analysis  of  the  TRUCK  input  data  require¬ 
ments,  since  following  sections  of  the  report  discuss  in  more  detail 
specific  modeling  procedures  relevant  to  the  input  data  requirements  of 
this  study. 

The  mass  data  require  specification  of  the  individual  values  of  the 
mass,  center  of  gravity  location,  and  mass  moments  of  inertia  for  all  of 
the  following  items  which  may  be  individually  suspended:  the  vehicle 
body,  the  vehicle  axle  assemblies  (axle  assembly  includes  axle,  wheels 
and  tires,  springs  and  shock  absorbers),  the  shelter,  and  the  internal 
shelter  equipment  racks.  Far  truck  configuration  (1),  the  M35A2  truck 
carrying  the  S-280  shelter,  the  shelter  internal  racks  were  rigidly 
attached  to  the  shelter  and  the  shelter  itself  was  rigidly  attached  to 
the  truck  cargo  bed  floor.  Therefore,  both  the  shelter  and  the  internal 
racks  were  included  as  part  of  the  vehicle  body  mass,  leaving  only  the 
vehicle  body  and  the  axle  assemblies  as  the  individually  suspended 
masses  requiring  input  data  definition.  For  truck  configuration  (2) , 
the  M35A2  truck  with  stake  aides  but  with  no  load,  again  the  vehicle 
body  and  the  axle  assemblies  were  the  only  masses  requiring  definition. 

The  M35A2  truck  with  canvas  top  and  loaded  with  concrete  blocks,  truck 
configuration  (3) ,  also  required  only  vehicle  body  and  axle  assembly  mass 
data  input  since  the  concrete  blocks  were  not  spring  mounted  and  were 
included  as  part  of  the  vehicle  body  mass.  Similarly,  since  the  M38A1 
jeep  carried  no  cargo,  only  the  vehicle  body  and  the  axle  assemblies 
required  individual  mass  identification. 

The  spring  data  portion  of  the  input  data  defines  the  character¬ 
istics  of  the  spring  systems  which  couple  the  aforementioned  individually 
suspended  mass  items.  As  previously  indicated,  all  of  the  four  vehicle 
systems  analyzed  required  specification  only  of  the  individually  sus¬ 
pended  vehicle  body  and  axle  assembly  masses,  and  correspondingly  only 
the  spring  systems  linking  these  masses  required  definition.  It  should 
be  noted  that  the  term  spring  systtm  is  used  in  the  general  sense  and 
includes  both  actual  springs  as  well  as  shock  absorbers.  In  specifying 
the  characteristics  of  the  spring  system,  the  locations  of  the  attach¬ 
ment  points  of  each  of  the  springs  are  required  to  define  the  line  of 
action  of  the  spring  force.  Additionally,  data  defining  the  non-linear 
spring  force-displacement  and  damping  force-velocity  curves  for  both 
the  compression  and  rebound  phases  of  each  spring  are  required. 

The  tire-ground  data  required  by  TRUCK  are  those  data  which  define 
the  interaction  between  the  vehicle's  tires  and  the  ground.  For  each 
tire  on  the  vehicle,  the  program  requires  information  on  the  tire  location 
on  the  vehicle,  the  tire  radius,  and  the  coefficient  of  sliding  friction 
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between  the  tire  and  surface  upon  which  it  restB.  Additionally,  the 
non-linear  force-normal  displacement  and  force-tangential  displacement 
data  as  well  as  the  radial  and  tangential  tire  damping  coefficients  must 
be  provided.  Since  the  three  truck  systems  analyzed  involved  the  same 
M35A2  vehicle,  all  of  the  tire-ground  input  data  were  identical  for  all 
three  truck  configurations  but  differed  from  the  M38A1  jeep  data. 

The  TRUCK  input  data  defining  the  blast  loading  on  the  vehicle  are 
a  combination  of  the  aerodynamic  model  data  and  the  aerodynamic  load 
data.  The  aerodynamic  model  data  require  that  the  vehicle  system  to  be 
analyzed  be  broken  down  into  a  finite  number  of  rectangular  boxes  com¬ 
prising  the  total  aerodynamic  model  of  the  system.  Each  rectangular  box 
in  turn  establishes  a  specific  geometry  relevant  to  both  the  diffraction 
loading  of  the  Incident  blast  wave  and  the  drag  loading  associated  with 
the  material  velocity  behind  the  shock  front.  The  aerodynamic  load  data 
are  necessary  to  defina  the  time-history  of  the  blast  loading  to  be 
applied  to  the  aerodynamic  model  and  are  comprised  of  the  blast  over¬ 
pressure  time-history  and  the  material  velocity  time-history.  Since 
all  of  the  aerodynamic  models  and  some  of  the  aerodynamic  load  data  were 
different  for  each  of  the  four  vehicle  system  configurations  analyzed  in 
this  study,  further  discussion  of  these  data  will  be  deferred  to  later 
sections  of  the  report. 


SECTION  4 


VEHICLE  SYSTEM  MECHANICAL  MODELS 


4.1  Introduction 

As  indicated  in  the  previous  section ,  the  majority  of  the  TRUCK 
code  input  data  may  be  generally  grouped  into  mass  data,  spring  data, 
tire-ground  interaction  data,  aerodynamic  model  data,  and  aerodynamic 
load  data.  The  first  three  of  these  data  groups  may  be  more  specifically 
characterized  as  mechanical  model  data  relevant  to  the  physical  features 
of  a  vehicle  Bystem.  The  aerodynamic  model  and  load  data  development 
will  be  subsequently  discussed  in  Sections  5  and  6  respectively,  while 
the  remainder  of  this  section  will  be  exclusively  devoted  to  the 
mechanical  model  development  of  the  four  primary  vehicle  system  con¬ 
figurations  analyzed  in  this  study. 

Appendices  A  to  D  should  be  referred  to  for  specific  values  of 
relevant  mechanical  model  data. 


M35A2  Truck  Configurations 


As  indicated  in  Section  3,  the  only  portions  of  all  three  truck 
system  configurations  which  normally  would  have  required  separate  mass 
modeling  to  satisfy  the  input  data  requirements  were  the  vehicle  body 
and  the  vehicle  running  gear,  since  none  of  the  cargos  carried  were 
independently  suspended.  However,  since  the  running  gear  were  identical 
for  all  three  truck  configurations  due  to  the  assumed  commonality  of 
the  primary  vehicles,  only  the  vehicle  bodies  required  different  models 
in  order  to  account  for  the  differences  in  the  cargo  configurations. 


It  should  be  noted  that  the  TRUCK  code  Inherently  assumes  that  any 
system  to  be  modeled  is  laterally  symmetrical.  Hence,  in  modeling  the 
vehicle  systems  for  this  study,  any  asymmetries  of  the  vehicle  or  cargo 
were  Ignored,  and  the  lateral  c.g.  location  of  each  mass  was  assumed  to 
lie  in  a  vertical  plane  passing  through  the  mid-points  of  the  vehicle 
axles . 


References  3  and  4  were  used  to  first  establish  the  masB,  c.g. 
location,  and  mass  moments  of  inertia  about  the  c.g.  of  an  empty  M35A2 
truck  with  stake  sides  but  without  running  gear.  These  values  then 
were  used  as  the  vehicle  body  mass  data  for  tho  no-load  truck  config¬ 
uration.  For  the  truck  configuration  Involving  the  S-280  shelter 


Reference  4. "Preliminary  Target  Description  Data  for  the  Calculation 
of  the  Response  of  a  Truck-Shelter-Rack  System  Exposed  to 
a  Blast  Wave,  and  Proposed  Test  Procedures  for  Obtaining 
Such  Data"  prepared  by  R-AssociateB  for  BRL  under 
Contract  No.  DAAD05-74-C-0754. 
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rigidly  mounted  in  the  vehicle  cargo  body  (Figure  3) ,  the  mass,  c.g. 
location,  and  mass  moments  of  inertia  about  the  shelter  c.g.  were 
established  from  data  contained  in  Reference  3.  The  shelter  mass  and 
c.g.  were  then  combined  with  the  vehicle  body  mass  and  c.g.  for  the 
no-load  truck  configuration  to  obtain  a  combined  truck-shelter  mass 
and  center  of  .gravity.  Mass  moments  of  inertia  about  the  combined 
c.g.  were  then  calculated  to  complete  the  vehicle  body  mass  data  for 
the  combined  truck-shelter  system.  For  the  truck  configuration  involving 
the  truck  cargo  body  loaded  with  concrete  blocks  and  covered  with  the 
canvas  top,  a  procedure  similar  to  the  above  was  employed  to  obtain  a 
set  of  combined  truck-load  mass  data. 

The  configuration  of  the  concrete  blocks  carried  in  the  truck  cargo 
body  was  as  portrayed  in  Figure  4,  based  on  information  provided  by 
Reference  5,  and  the  configuration  of  the  canvas  covering  the  cargo 
body  was  estimated  from  Figure  1.  Individual  mass  data  for  both  the 
concrete  blocks  and  the  canvas  top  were  then  calculated  and  combined, 
as  previously  indicated,  with  the  no-load  vehicle  body  mass  data  to 
obtain  a  complete  set  of  combined  truck-load  mass  data. 

The  M35A2  vehicle  running  gear  is  comprised  of  a  single  front 
axle  assembly  and  a  dual  rear  axle  assembly.  The  front  axle  assembly 
consists  of  an  axle  attached  to  a  single  wheel  on  each  side  of  the 
vehicle,  while  the  dual  rear  axle  assembly,  a  bogie  arrangement, 
consists  of  two  axles,  each  attached  to  dual  wheels  on  either  Bide  of 
the  vehicle.  The  front  suspension  system  on  each  Bide  of  the  vehicle 
is  comprised  of  a  leaf-type  spring  and  a  shock  absorber,  each  item 
attached  to  both  the  chassis  and  to  the  front  axle.  The  rear  suspension 
system  on  each  side  of  the  vehicle  contains  no  shock  absorbers  per  se, 
but  does  have  one  leaf-type  spring  attached  at  each  end  to  one  of  the 
dual  rear  axles  and  at  its  mid-point  to  the  vehicle  chassis, 

The  separate  mass  data  for  each  of  the  three  M35A2  wheel-axle 
combinations  were  established  from  the  data  contained  in  References 
3  and  4.  The  spring  and  shock  absorber  attachment  point  locations  were 
given  in  Reference  4,  and  Reference  6  was  were  used  to  establish  the 
spring  and  shock  absorber  response  characteristics.  Since  the  same 
vehicle  running  gear  were  modeled  for  all  three  truck  configurations, 
the  mass  and  spring  input  data  remained  constant. 

Due  to  the  commonality  of  the  running  gear  on  all  three  configura¬ 
tions,  the  tire-ground  interaction  modeling  was  the  Bame  for  all  three 
configurations  except  for  the  coefficient  of  sliding  friction  between 
the  vehicle  tires  and  the  ground.  Although  all  of  the  trucks  were 
assumed  to  be  sitting  on  level  ground  in  the  DICE  THROW  field  test. 


Reference  5.  Telephone  conversation  with  Mr.  R.  Raley  of  BRL  on 
August  2,  1977. 

Reference  6.  "Determination  of  Physical  Characteristics  of  a  Wheeled 
Vehicle,"  USATECOM  Project  No.  9-CO-150-000,  Test  Record 
No.  TU-W-162,  Materiel  Testing  Directorate,  U.S.  Army 
Aberdeen  Proving  Ground,  16  September  1977. 
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FIGURE  3.  SCHEMATIC  OF  S280 


different  restraint  conditions  were  imposed  on  two  of  the  three  truck 
configurations.  Since  the  truck  carrying  the  S-280  shelter  was  un¬ 
restrained  from  sliding,  a  coefficient  of  sliding  friction  of  0.8, 
from  Reference  4,  was  used  in  the  TRUCK  code  input  for  this  vehicle. 

For  each  of  the  remaining  two  truck  configurations,  two  vehicles  of 
the  same  configuration  but  with  different  sliding  restraints  were 
fielded  in  the  test  event  at  each  pressure  level.  For  each  of  these 
two  configurations,  one  vehicle  was  unrestrained  from  normal  sliding 
motion  and  the  second  vehicle  was  restrained  from  sliding  by  concrete 
curbs  placed  against  the  tires  on  the  leeward  side  of  the  vehicle. 

Each  unrestrained  vehicle  was  modeled  with  a  coefficient  of  sliding 
friction  of  0.8,  and  the  restrained  vehicles  were  modeled  with  a 
coefficient  of  1000,  thus  effectively  restricting  the  sliding  of  the 
truck.  The  remainder  of  the  data  required  by  the  tire-ground  inter¬ 
action  modeling  for  all  three  truck  configurations  were  established 
from  the  data  contained  in  Reference  4. 

4.3  M38A1  Jeep  Configuration 

The  one  M38A1  jeep  configuration  modeled  was  the  empty,  no  canvaB 
configuration  previously  discussed  in  Section  2.  Separate  mass  models 
for  both  the  vehicle  body  and  the  vehicle  running  gear  were  established 
from  the  data  presented  in  References  3,  4  and  7. 

The  M38A1  running  gear  consists  of  single  front  and  rear  axle 
assemblies,  with  each  axle  attached  to  a  single  wheel  on  each  side  of 
the  vehicle.  The  front  and  rear  suspension  systems  of  the  jeep  are 
similar  in  that  each  suspension  system  on  each  side  of  the  vehicle  is 
comprised  of  both  a  leaf-type  spring  and  a  shock  absorber,  and  the 
attachment  points  on  the  vehicle  for  these  items  were  obtained  from 
Reference  4.  The  response  characteristics  of  the  jeep  front  and  rear 
springs  and  shock  absorbers  required  for  the  TRUCK  input  were  taken 
from  Reference  4,  since  MTD  test  data  on  the  jeep  springB  and  shocks 
were  not  available  as  they  were  for  the  M35A2  truck. 

The  tire-ground  Interaction  modeling  necessary  to  satisfy  the 
TRUCK  input  data  requirements  for  the  jeep  followed  the  same  general 
pattern  established  for  the  M35A2  truck  configurations,  even  though 
the  tire  size  for  the  two  vehicles  differed.  At  each  pressure  level 
analysed,  two  jeeps  of  the  same  configuration  were  fielded  in  DICE 
THROW,  one  restrained  and  one  unrestrained  against  sliding.  Coefficients 
of  sliding  friction  of  1000  and  0.8,  as  used  for  the  M35A2  trucks,  were 
also  used  for  the  jeep  to  represent  the  different  restraint  conditions, 
and  the  vehicles  again  were  assumed  to  be  sitting  on  level  ground  in 
the  field  test.  The  remainder  of  the  tire-ground  interaction  model 
data  were  also  established  from  information  contained  in  Reference  4. 


Reference  7 .  "Measurement  of  Weight,  Center-of-Gravity,  and  Moment-of- 
Inertia  About  the  Roll  Axis  of  Test  Item  (Truck,  Utility, 
1/4-Ton,  4X4,  M38A1)",  USATECOM  Project  No.  9-CO-150-000-019 
Test  Record  No.  TU-W-155,  Materiel  Testing  Directorate, 

U.S.  Army  Aberdeen  Proving  Ground,  10  March  1977. 


SECTION  5 


VEHICLE  SYSTEM  AERODYNAMIC  MODELS 


5.1  Introduction 

Aside  from  the  mechanical  modeling  of  a  vehicle  system  to  be 
analyzed  by  the  TRUCK  code,  the  other  large  body  of  data  required  in  the 
input  data  requirements  are  the  specification  of  the  aerodynamic  models 
and  the  aerodynamic  loads.  The  present  section  is  restricted  to  a 
discussion  of  the  aerodynamic  models  developed  for  the  vehicle  analyses, 
since  the  aerodynamic  loads  are  subsequently  discussed  in  Section  6  of 
this  report. 

For  specific  values  of  the  relevant  aerodynamic  models,  Appendices 
A  to  D  at  the  end  of  the  report  should  be  consulted. 

5.2  M35A2  Truck  Configurations 

In  the  aerodynamic  loading  section  of  Reference  1,  a  discussion  is 
presented  of  the  methodology  employed  in  the  TRUCK  code  for  simulating 
the  diffraction  pressure  loading  on  a  rectangular  block  as  measured  in 
shock-tube  experimentation.  As  an  extension  of  these  shock-tube  results, 
the  code  employs  crude  models  to  approximate  the  blast  wave  diffraction 
process  wherein  all  aerodynamlcally  loaded  surfaces  of  the  model  to  be 
analyzed  are  represented  in  the  code  input  as  the  complete  or  partial 
faces  of  a  set  of  rectangular  boxes. 

In  order  to  reduce  the  amount  of  time  involved  in  formulating  the 
aerodynamic  models  and  associated  program  input  data  for  three  different 
truck  configurations,  efforts  were  initially  made  to  identify  the 
commonality  of  the  aerodynamlcally  loaded  surface  areas  amongst  the 
three  configurations.  In  the  DICE  THROW  test,  all  three  truck  con¬ 
figurations  were  oriented  such  that  the  incident  blaBt  wave  struck  all 
the  vehicles  side  on,  i.e.,  the  shock  front  was  parallel  to  the  assumed 
plane  of  symmetry  of  the  vehicles.  The  Initially  loaded  surfaces  of 
all  the  truck  configurations  were  then  seen  to  be  those  surfaces  which 
faced  the  blast,  that  is,  the  side  areaB  of  the  vehicles  and  cargos. 

As  previously  discussed  in  Section  2,  the  selection  of  the  M35A2 
truck  as  the  basic  vehicle  for  all  three  truck  system  configurations 
resulted  in  a  major  portion  of  the  truck,  from  the  top  of  the  cab  door 
and  cargo  body  bed  downward,  being  identical  for  all  configurations. 

It  was  also  pointed  out  previously  that  the  truck  carrying  the  S-280 
shelter  had  no  canvas  top  on  the  cab,  whereas  the  canvas  top  was  on 
the  cab  for  the  other  two  configurations.  Furthermore,  since  the  cab 
side  windows  were  open  and  the  windshield  erect  on  all  vehicles,  the 
only  difference  in  the  side  aerodynamic  surface  areas  of  the  three 
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truck  cabs  was  due  to  the  side-on  area  of  the  cab  canvas  top.  Since 
the  combined  side-on  areas  of  the  windshield  and  cab  canvas  top  are 
small  in  comparison  with  the  side  areas  of  the  remainder  of  the  truck, 
it  was  decided  to  simplify  the  modeling  by  ignoring  the  cab  top  such 
that  all  three  configurations,  exclusive  of  the  cargo  body,  would  have 
the  same  aerodynamic  surface  area. 

Each  of  the  three  truck  system  configurations  was  aerodynamlcally 
modeled  to  consist  of  three  rectangular  boxes.  One  rectangular  box 
represented  that  portion  of  tha  truck  forward  of  the  cargo  body, 
another  rectangular  box  represented  tha  remainder  of  the  truck  below 
the  top  of  the  cargo  body  bad,  and  both  of  these  boxes  ware  identical 
for  all  three  truck-system  configurations.  The  third  rectangular  box 
was  modeled  to  represent  the  aerodynamic  surfaces  above  the  top  of 
the  cargo  body  bed  and,  hence,  was  different  for  each  of  tha  three 
configurations. 

For  the  empty  truck  with  stake  sides,  the  third  rectangular  box 
was  modeled  to  represent  tha  aerodynamic  surface  areas  of  tha  slatted, 
stake  sides  of  the  cargo  body.  The  modeling  of  the  truck  with  canvas 
top  and  loaded  with  concrete  blocks  required  that  the  third  rectangular 
box  represent  only  the  canvas  top  over  the  cargo  body  since  the  concrete 
blocks  contributed  nothing  to  the  aerodynamic  model.  The  third  rectang¬ 
ular  box  for  the  truck  loaded  with  the  S-280  shelter  represented  only 
that  portion  of  the  shelter  which  protruded  above  the  top  of  the  cargo 
body  bed. 

5.3  M38A1  Jeep  Configuration 

The  aerodynamic  modal  for  tha  one  M38A1  jesp  configuration  analyzed, 
empty  with  no  canvas,  was  based  on  the  configuration  of  the  Jeep  in 
Figure  2  but  without  tha  portrayed  canvas  top.  Since  the  jeep  fielded 
in  DICE  THROW  was  also  oriented  side-on  to  the  blest,  the  initially 
loaded  surface  areas  of  the  vehicle  were  those  areas  shown  in  the 
side  view  of  Figure  2.  The  side-on  area  of  the  windshield,  as  viewed 
in  Figure  2,  was  considered  negligible  and,  hence,  the  assumption  of 
either  an  upright  or  lowered  windshield  was  irrelevant. 

The  aerodynamic  model  of  the  jeep  was  constructed  as  four 
rectangular  aerodynamic  boxes.  The  first  aerodynamic  box  was  modeled 
to  represent  the  forward  portion  of  the  vehicle  ahead  of  the  windshield. 
The  second  aerodynamic  box  was  modeled  to  represent  the  email  portion 
of  the  body  between  the  windshield  and  the  driver's  seat.  The  aft 
portion  of  the  body  between  the  driver’s  seat  and  the  aft  end  of  the 
vehicle  was  represented  by  the  third  box,  and  the  fourth  box  approximated 
the  spare  tire  on  the  rear  of  the  vehicle  as  a  rectangular  box. 


26 


SECTION  6 


VEHICLE  SYSTEM  AERODYNAMIC  LOADS 


6,1  Introduction 


Section  5  of  this  report  discusses  the  procedures  employed  in 
constructing  the  aerodynamic  models  for  the  primary  vehicle-system 
configurations  analyzed.  In  the  present  section,  the  derivation  of  the 
loads  which  were  applied  to  these  aerodynamic  models  are  discussed. 
Additionally,  the  actual  loads  data  which  were  employed  in  the  TRUCK 
analyses  are  presented  herein  and  are  excluded  from  the  input  data 
listings  of  Appendices  A  to  D. 

6.2  DICE  THROW  Experimental  Overpressure  Data 

As  specified  in  Reference  2,  each  of  the  vehicle-system  configura¬ 
tions  with  the  exception  of  the  truck  carrying  the  S-280  shelter  were 
to  be  analyzed  at  two  different  pressure  levels,  with  different  sliding 
restraint  conditions  imposed  at  each  pressure  level  as  previously 
indicated.  Each  of  the  pressure  levels  selected  by  BRL  corresponded 
to  actual  blast  data  measurements  recorded  in  DICE  THROW  in  the  vicinity 
of  the  actual  test  vehicle-system  configurations. 

Figures  5  through  9  are  time-history  plots  of  blast  static  overpressure 
measured  at  various  pressure  gage  stations  in  DICE  THROW,  as  provided 
by  BRL.  The  values  of  peak  shock  static  overpressure  indicated  by  BRL 
on  Figures  5  through  8  were  designated  as  the  appropriate  pressure  levels  for 
the  analyses  to  be  performed.  Specific  values  for  the  durations  of  the 
positive  phase  of  the  blast  overpressure  portrayed  in  Figures  5  through  8 
were  also  obtained  from  BRL  (Reference  8) .  The  correspondence  of  the 
designated  pressure  levels  to  the  appropriate  vehicle-system  configurations 
as  specified  by  BRL  are  presented  in  Table  1,  together  with  positive 
phase  durations  and  gage  station  numbers,  for  completeness.  It  should 
be  noted  that  no  values  of  either  peak  overpressure  level  or  positive 
phase  duration  are  indicated  in  Table  1  for  the  truck  carrying  the  S-280 
shelter  for  reasons  which  will  be  discussed  subsequently. 

6.3  Analytical  Overpressure  and  Dynamic  Pressure  Data 

The  aerodynamic  loads  normally  used  in  a  TRUCK  code  response 
analysis  are  blaat  model  data  self-contained  within  the  program.  For 
the  present  correlation  response  study,  however,  the  aerodynamic  loads 
which  were  to  be  applied  to  the  aerodynamic  models  dlBcusBed  in  Section 
5  were  the  actual  loads  measured  in  the  DICE  THROW  test.  Since  the 
TRUCK  code  employs  both  blast  overpressure  and  dynamic  pressure  time- 
histories  in  its  simulation  of  the  diffraction  and  drag  loading  regimes 
of  blast  waveB,  additional  efforts  were  required  to  formulate  dynamic 
pressure  time-histories  compatible  with  the  experimentally-measured 
overpressure  time-histories  provided. 

Reference  8.  Telephone  conversation  with  Mr.  G.  Teel  of  BRL  on 
September  1,  1977. 
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OVERPRESSURE  TIME-HISTORY  AT  GAGE  STATION  324-2 


OVERPRESSURE  TIME-HISTORY  AT  GAGE  STATION  324-3 


FIGURE  7.  EXPERIMENTAL  OVERPRESSURE  TIME-HISTORY  AT  GAGE  STATION  322-3 


OVERPRESSURE  TIME-HISTORY  AT  GAGE  STATION  322-2 


AT  GAGE  STATION  223 


The  general  procedure  used  In  formulating  the  required  dynamic 
pressure  time-history  data  was  baaed  on  a  slight  modification  of  the 
methodology  contained  In  Reference  9.  Reference  9  presents  an 
analytical  method  which  was  formulated  for  computing  the  pressure, 
density,  and  material  velocity  behind  a  spherical  blast  wave,  produced 
by  TNT  or  Pentolite,  based  on  experimental  measurements  of  overpressure 
recorded  at  a  number  of  gage  locations.  Part  of  the  methodology  in 
Reference  9  involves  the  use  of  a  constructed  cross  plot  of  pressure, 
density,  and  material  velocity  behind  the  shock  front,  and  two  key 
parameters  established  from  the  peak  overpressure  at  the  shock  front, 
the  ambient  pressure  ahead  of  the  shock  front,  and  the  specific  value 
of  interest  of  the  overpressure  behind  the  shock. 

For  each  of  the  overpressure  traces  of  Figures  5  through  8,  an 
arbitrary  number  of  overpressure  values  were  first  read  from  a  smooth 
curve  drawn  through  the  data  as  recorded.  Since  the  ambient  pressure 
was  readily  established  and  the  peak  overpressure  was  already  specified, 
it  was  then  possible  to  calculate  the  two  key  parameters,  corresponding 
to  each  selected  overpressure  value,  which  were  required  to  enter  the 
cross  plot  of  Reference  9.  Interpolation  of  the  plotted  values  of 
density  and  material  velocity  behind  the  shock  provided  the  appropriate 
data  necessary  to  formulate  values  of  dynamic  pressure  corresponding 
to  the  selected  values  of  overpressure.  At  the  Bhock  front,  a  more 
accurate  value  of  dynamic  pressure  than  that  obtained  from  the  plot  of 
Reference  9  was  Independently  calculated  from  normal  shock  equations. 

The  dynamic  pressure  data  were  then  plotted  against  the  times  after 
shock  arrival  obtained  from  the  original  overpressure  traces  corresponding 
to  the  initially  chosen  values  of  overpressure,  and  smooth  curves  were 
drawn  through  the  data  to  eliminate  any  minor  computational  errors.  The 
final  list  of  discrete  values  of  overpressure  and  dynamic  pressure  which 
were  used  in  the  TRUCK  code  response  analyses  to  represent  the  blast 
wave  positive  phase  duration  for  each  of  the  specified  pressure  levels 
in  Figures  5  through  8  are  presented  in  Tables  2  through  5. 

Table  6  presents  the  discrete  values  of  overpressure  and  dynamic 
pressure  which  were  used  in  the  TRUCK  code  to  represent  the  assumed 
overpressure  and  dynamic  pressure  time-histories  corresponding  to  Gage 
Station  No.  223. 

As  can  be  seen  from  Figure  9,  the  recorded  static  overpressure 
time-history  trace  for  Station  No.  223  was  extremely  erratic  and  ill- 
defined.  Since  neither  the  maximum  overpressure  value  at  the  shock  front 
nor  the  positive  phase  duration  could  be  ascertained  from  Figure  9  with 
any  degree  of  confidence,  it  was  impossible  to  fair  a  smooth  curve  through 
the  experimental  overpressure  trace.  After  reviewing  all  the  available 
overpressure,  both  static  and  total,  time-histories  recorded  along  the 
DICE  THROW  blast  line  2,  it  was  decided  that  the  only  feasible  way  to 
obtain  a  realistic  static  overpressure  time-hiBtory  curve  for  Station  No. 

223  would  be  through  interpolation  of  the  static  overpressure  data 
measured  at  other  blast  line  2  pressure  gage  stations,  based  on  ground 
range  location  of  the  gages.  Consequently,  after  considerable  crosB-plottlng 


Reference  9.  Ruetenik,  J.R.,  and  LewiB,  S.D.,  Computation  of  Blast 

Properties  for  Spherical  TNT  or  Pentolite  From  Measured 
PreBBure  Histories.  AFFDL-TR-66-47 ,  October  1966. 
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of  che  data  pertinent  to  the  various  pressure  gage  stations  of  blast 
line  2,  a  static  overpressure  time-history  curve  for  Station  No.  223 
was  formulated. 

Once  the  .formulation  of  an  acceptable  curve  of  static  overpressure 
time-history  for  Station  No.  223  was  accomplished,  it  was  a  simple  task 
to  formulate  the  required  compatible  dynamic  pressure  time-history  data. 
The  procedure  followed  was  Identical  to  that  previously  described  for 
Figures  5  through  8  and,  as  indicated  previously,  the  resultant  discrete 
values  of  both  overpressure  and  dynamic  pressure  used  in  the  TRUCK 
analysis  of  the  truck-aheltar  system  are  tabulated  in  Table  6. 
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SECTION  7 


TRUCK  RESPONSE  ANALYSES  RESULTS 


7.1  Introduction 


TRUCK  response  analyses  of  the  three  different  M35A2  truck  system 
configurations  and  the  one  M38A1  jeep  configuration  were  conducted, 
based  on  the  models  and  loads  discussed  in  the  previous  sections  of 
this  report.  The  results  of  these  analyses  are  presented  herein. 

7.2  TRUCK  Response  Analysis  Parameters 

For  each  of  the  four  vehicle  system  configurations  analysed,  three 
TRUCK  program  output  parameters  were  plotted;  total  system  roll  angle, 
c.g.  margin,  and  lateral  c.g.  displacement.  The  response  time-histories 
of  these  three  parameters,  when  viewed  as  an  entity,  portray  the  important 
motions  of  the  total  system  subsequent  to  blast  wave  interception,  par¬ 
ticularly  with  respect  to  vehicle  overturning. 

The  total  system  roll  angle  is  measured  about  a  longitudinal  axis 
through  the  total  system  c.g.  and,  for  the  systems  analyzed  herein  where 
,  the  pitch  and  yaw  angles  are  relatively  small,  the  roll  axlB  is  essen¬ 
tially  parallel  to  the  ground.  The  lateral  c.g.  displacement  is  measured 
along  a  horizontal  axis  whose  origin  is  at  the  original  pre-blast  position 
of  the  total  system  c.g.  and,  for  vehicles  sliding  on  level  ground,  the 
axis  is  parallel  to  the  ground.  The  c.g.  margin  is  a  measurement  of  the 
minimum  distance  between  the  total  system  c.g.  and  the  edge  of  the  foot¬ 
print  defined  by  the  projections  onto  a  horizontal  plane,  through  the 
total  system  c.g.,  of  the  vehicle  front  and  rear  tire  positions.  A 
zero  c.g.  margin  is  in  most  cases  an  indication  of  vehicle  overturning, 
particularly  if  the  slope  of  the  c.g.  margin  versus  response  time  curve 
is  relatively  steep. 

Since  the  same  three  response  parameter  time-histories  are  presented 
and  discussed  for  all  of  the  vehicle  systems  analyzed,  the  order  of  pre¬ 
sentation  will  be  uniformly  maintained  as  c.g.  margin  time-history,  roll 
angle  time-history,  and  lateral  c.g.  displacement  time-history.  Hence, 
in  referring  to  Figures  A-C  for  a  particular  vehicle  system,  it  should 
be  tacitly  understood,  unless  noted  to  the  contrary,  that  Figure  A 
portrays  c.g.  margin  response,  Figure  B  portrays  roll  angle  response, 
and  Figure  C  portrays  lateral  c.g.  displacement  response.  On  each 
response  plot,  zero  response  time  corresponds  to  the  instant  at  which 
the  blast  wave  initially  intercepts  any  portion  of  the  vehicle  system 
model . 

7.3  M38A1  Jeep  Response  Results 

Figures  10-12  illustrate  the  analytical  response  of  the  M38A1 
jeep  subjected  to  the  DICE  THROW  blast  wave  peak  overpressure  level  of 
12.9  psi  (86.9kPa),  and  Figures  13-15  illustrate  the  corresponding  analytical 
response  of  the  jeep  when  subjected  to  the  21,9  psi  (151.0  kPa)  peak 
overpressure  level. 
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Response  Time  (sec.) 


FIGURE  10.  C.G .  MARGIN  TIME-HISTORY  FOR  M38A1  JEEP  SUBJECTED  TO  12.9 
PSI  INCIDENT  OVERPRESSURE  (88.9  kPa) 


Roll  Angle  (rai. 


FIGURE  11.  ROLL  ANGLE  TIME-HISTORY  FOR  M30A1  JEEP  SUBJECTED  TO 
12.9  PSI  INCIDENT  OVERPRESSURE  (88.9  kPa) 


Lateral  C.C.  Displacement 


C.C.  Margin 


unrestrained 

restrained 


FIGURE  13. 


C.G.  MARGIN  TIME-HISTORY  FOR  M38A1  JEEP  SUBJECTED 
TO  21.9  PSI  INCIDENT  OVERPRESSURE  (151.0  kPa) 


C.G.  Margin  (b) 


Response  Time  (sec.) 


FIGURE  14.  ROLL  ANGLE  TIME* HISTORY  FOR  M38A1  JEEP  SUBJECTED  TO 
21.9  PSI  INCIDENT  OVERPRESSURE  (151.0  kPa) 


Lateral  C.G.  Displacement  (a) 


For  both  overpressure  levels  analyzed,  the  comparative  results 
shown  £or  the  two  assumed  sliding  restraint  conditions  indicate  that 
very  little  sliding  motion  of  the  total  system  takes  place,  as  evidenced 
by  the  closeness  of  the  restrained  and  unrestrained  curves.  The  slopes 
of  the  c.g.  margin  time-history  curves  at  zero  c.g.  margin  indicate 
that  overturning  of  the  vehicle  occurs  at  both  levels  of  overpressure, 
with  the  system  subjected  to  the  higher  overpressure  overturning  much 
earlier  as  would  normally  be  expected  due  to  the  higher  level  of  loading. 
For  the  higher  overpressure  level,  the  values  of  both  roll  angle  and 
lateral  c.g.  displacement  at  the  response  time  corresponding  to  zero 
c.g.  margin  are  slightly  higher  than  the  corresponding  values  for  the 
lower  overpressure  level. 

7. A  M35A2  Truck  Response  Results 

Figures  16-18  portray  the  analytical  response  of  the  M35A2  empty 
truck  subjected  to  the  13.9  psi  (93.6  kPa)  peak  overpressure  level,  and 
the  analytical  response  of  the  same  system  subjected  to  a  peak  overpressure 
level  of  21.6  psi  (148.9  kFa)  la  presented  in  Figures  19-21. 

The  c.g.  margin  time-history  curves  indicate  that  overturning  of 
the  empty  truck  also  occurs  at  both  overpressure  levels  analyzed  and, 
again,  at  a  much  earlier  response  time  for  the  higher  overpressure 
level.  Although  the  results  presented  Indicate  that  the  restrained 
vehicle  overturns  slightly  faster  than  the  unrestrained  vehicle  and  that 
relatively  little  sliding  motion  takes  place  at  either  overpressure  level, 
it  is  interesting  to  note  that  at  the  lower  overpressure  level  the  vehicle 
shows  a  slight  hesitancy  to  overturn  as  evidenced  by  the  marked  change 
in  vehicle  roll  rate  prior  to  the  attainment  of  a  zero  value  for  the 
c.g.  margin.  Again,  at  the  higher  overpressure  level  the  values  of  both 
roll  angle  and' lateral  c.g.  displacement  at  the  response  time  corresponding 
to  overturning  are  higher  than  the  corresponding  values  for  the  lower 
overpressura  level,  and  more  so  for  the  roll  angle  due  to  the  roll  rate 
change  experienced  at  the  lower  overpressure  level. 

Before  discussing  the  analysis  results  presented  for  the  response 
of  the  M35A2  loaded  trucks  containing  concrete  blocks  and  subjected  to 
the  two  DICE  THROW  overpressure  test  levels  of  12.9  psi  (88.9  kPa)  and 
21.9  pal  (151.0  kPa),  some  background  discussion  Is  necessary  since  the 
analyses  required  procedures  different  than  originally  planned.  As 
previously  indicated  in  Sections  4  and  5,  a  separate  mechanical  model 
was  originally  formulated  to  represent  the  M35A2  loaded  truck  with 
canvas  and  a  separate  aerodynamic  box  was  modeled  to  represent  the 
covered  cargo  body  for  aerodynamic  loading.  The  combination  of  these 
models,  together  with  the  two  assumed  restrained  conditions,  were  to  be 
used  to  Investigate  the  system  response  at  the  two  indicated  pressure 
levels.  It  was  subsequently  learned,  however,  that  during  the  actual 
DICE  THROW  experiment  the  canvas  enclosures  on  the  M35A2  loaded  trucks 
were  blown  off  the  trucks  shortly  after  blast  wave  interception  and  at 
both  levels  of  overpressure  to  be  analyzed.  Consequently,  the  actual 
M35A2  loaded  truck  configurations  which  required  analysis  were  systems 
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Lateral  C.G.  Displacement 


FIGURE  18.  LATERAL  C.G.  DISPLACEMENT  TIME-HISTORY  FOR  M35A2  EMPTY 

TRUCK  SUBJECTED  TO  13.9  PSI  INCIDENT  OVERPRESSURE  (95.8  kPa) 


Lateral  C.G.  Displacement  (m) 


FIGURE  19.  C.G.  MARGIN  TIME-HISTORY  FOR  M35A2  EMPTY  TRUCK 

SUBJECTED  TO  21.6  PSI  INCIDENT  OVERPRESSURE  (148.9  kPa) 


C.G.  Margin  (n) 


Lateral  C.G.  Displacement  (in 


FIGURE  21.  LATERAL  C.G.  DISPLACEMENT  TIME-HISTORY  FOR  M35A2  EMPTY 

TRUCK  SUBJECTED  TO  21,6  PSI  INCIDENT  OVERPRESSURE  (148.9  kPa) 
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Lateral  C.G.  Displacement  (m) 


which  realistically  underwent  both  mechanical  and  aerodynamic  configuration 
changes  during  the  period  of  system  response. 


Since  the  TRUCK  code  has  no  provision  for  configuration  changes 
during  response  evaluation,  it  was  apparent  that  the  actual  M35A2  loaded 
truck  response. simulation  could  not  be  properly  handled  by  TRUCK.  How¬ 
ever,  it  did  appear  logical  to  expect  that  the  actual  response  of  the 
system  would  be  between  two  extremes  -  the  analytical  response  of  a 
loaded  truck  with  canvas  erected  during  the  entire  response  time  and 
the  response  of  a  loaded  truck  without  canvas  during  the  entire  response 
time.  Accepting  this  premise  as  valid  and  having  the  canvas  erect  models 
already  at  hand,  it  was  only  necessary  to  model  the  loaded  truck  without 
canvas  in  order  to  proceed  with  the  intended  comparative  analyses. 

The  formulation  of  the  required  mechanical  model  of  an  M35A2  truck 
loaded  with  concrete  blocks  bJt  without  canvas  was  relatively  simple. 

The  only  effort  involved  was  to  remove  the  mass  and  inertia  contribu¬ 
tions  of  tho  cargo  body  canvas  top  from  the  previously  constructed  model 
with  canvas  top,  resulting  in  a  new  total  system  model  with  modified 
mass,  inertia,  and  c.g.  characteristics.  No  additional  effort  was 
involved  in  aerodynomically  modeling  the  loaded  truck  without  canvas 
since,  aerodynamically ,  that  configuration  was  identical  to  the  aerodynamic 
configuration  of  the  M35A2  empty  truck.  Specific  values  of  the  relevant 
mechanical  and  aerodynamic  modal  data  for  the  M33A2  loaded  truck  without 
canvas  are  presented  in  Appendix  G  at  the  end  of  the  report.  Once  this 
new  model  was  completed,  TRUCK  response  analyses  for  the  loaded  truck 
with  and  without  canvas  were  conducted  for  both  require.!  overpressure 
levels  and  both  assumed  restraint  conditions. 

The  analytical  response  results  for  the  restrained  M35A2  loaded 
truck  subjected  to  the  12.9  psi  (88.9  kPa)  peak  overpressure  level  are 
presented  in  Figures  22-24,  Similarly,  the  results  for  the  unrestrained 
vehicle  subjected  to  the  same  overpressure  level  are  shown  in  Figures 
25-27. 


For  either  assumed  restraint  condition,  the  plotted  results  show 
a  most  obvious  difference  in  the  overall  system  response  of  the  two 
vehicles  -  namely,  the  vehicle  with  canvas  overturns,  as  evidenced  by 
the  c.g.  margin  time-history  curve  going  to  zero,  but  the  vehicle  without 
canvas  does  not,  as  evidenced  by  the  c.g.  margin  time-history  curve 
returning  to  its  original  time  zero  value.  Both  the  restrained  and 
unrestrained  vehicles  with  canvaa  do  show  a  slight  hesitancy  to  overturn, 
as  indicated  by  the  change  in  roll  rate,  but  this  hesitancy  is  overcoma 
and  overturning  takes  place.  Again,  as  was  noted  in  discussing  both 
the  M38A1  jeep  and  the  M35A2  empty  truck  results,  the  overall  total 
motions  of  the  restrained  and  unrestrained  loaded  trucks  are  quite 
similar,  indicating  that  very  little  sliding  motion  of  the  vehicles  has 
taken  place. 
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FIGURE  23.  ROLL  ANGLE  TIME-HISTORY  FOR  RESTRAINED  M35A2  LOADED  TRUCK 
SUBJECTED  TO  12.9  PSI  INCIDENT  OVERPRESSURE  (88.9  kPa) 
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FIGURE  24.  LATERAL  C.G.  DISPLACEMENT  TIME-HISTORY  FOR  RESTRAINED  M35A2 

LOADED  TRUCK  SUBJECTED  TO  12.9  PSI  INCIDENT  OVERPRESSURE  (8H.9  kPa) 
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FIGURE  25.  C.G.  MARGIN  TIME-HISTORY  FOR  UNRESTRAINED  M35A2  LOADED  TRUCK 
SUBJECTED  TO  12.9  PSI  INCIDENT  OVERPRESSURE  (88.9  kPa) 
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FIGURE  26. 


ROLL  ANGLE  TIME-HISTORY 
TRUCK  SUBJECTED  TO  12.9 


FOR  UNRESTRAINED  M35A2  LOADED 

PS1  INCIDENT  OVERPRESSURE  (88.9  kPn) 


Lateral  C.G.  Displacement  (in. 


For  the  M35A2  loaded  truck  subjected  to  the  21.9  psi  (151.0  kPa) 
peak  overpressure  level,  the  analytical  results  are  presented  In  Figures 
28-30  for  the  restrained  vehicle  and  in  Figures  31-33  for  the  unrestrained 
vehicle.  For  either  restraint  condition,  the  results  indicate  that  both 
the  vehicle  with  canvas  and  the  vehicle  without  canvas  overturn,  with  a 
slight  overturning  hesitancy  showing  up  in  the  roll  angle  time -hi stories 
of  both  vehicles.  The  same  previously  noted  similarity  in  total  vehicle 
response  between  the  restrained  and  unrestrained  vehicles  is  evident. 

Based  on  the  premise  that  the  simulated  responae  of  the  actual 
M35A2  loaded  trucks  in  the  DICE  THROW  experiment  would  fall  somewhere 
between  the  analytical  responses  of  a  truck  with  canvas  and  a  truck 
without  canvas,  the  analyses  conducted  indicate  overturning  of  the 
trucks  does  occur  at  the  21.9  pal  (151.0  kPa)  overpressure  level  but  at 
the  12.9  psi  (88.9  kPa)  level  a  definite  conclusion  regarding  overturning 
cannot  be  made.  The  assumed  conditions  of  restraint  for  the  vehicles 
have  little  or  no  bearing  on  these  conclusions. 

Figures  34-36  indicate  the  analytical  response  results  for  the 
M35A2  truck  carrying  the  modified  S-280  communications  shelter.  As 
previously  mentioned  in  Section  4,  this  configuration  as  fielded  in 
the  DICE  THROW  test  was  unrestrained  from  sliding  and,  hence,  only  a 
coefficient  of  sliding  friction  of  0.8  was  used  in  the  TRUCK  analysis. 
Furthermore,  this  particular  vehicle  system  was  subjected  to  only  one 
incident  overpressure  level  and,  as  indicated  in  Section  6,  this  level 
was  estimated  as  12.064  psi  (83.18  kPa) . 

As  indicated  in  Figure  34,  the  c.g.  margin  curve  repidly  decreases 
to  a  value  of  sero  indicating  an  overturning  vehicle,  and  both  Figure  35 
and  Figure  36  further  confirm  this  overturning  occurrence.  It  should 
be  noted,  however,  that  although  Figures  34-36  indicate  entirely 
reasonable  results  consistent  with  the  assumed  overpressure  loading, 
the  validity  of  accepting  these  results  as  indicative  of  the  actual 
vehicle  response  is  questionable  due  to  the  uncertainty  of  the  actual 
overpressure  time-history  at  Station  223  in  the  DICE  THROW  test. 

A  summary  of  the  vehicle  overturning  predictions  resulting  from 
the  TRUCK  code  analyses  of  all  system  cc.if iguratlons  reported  herein 
are  presented  In  Taole  7. 
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FIGURE  31.  C.G.  MARGIN  TIME-HISTORY  FOR  UNRESTRAINED  M35A2  LOADED 

TRUCK  SUBJECTED  TO  21.9  PSI  INCIDENT  OVERPRESSURE  (151.0  kPa) 
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FIGURE  32.  ROLT  ANGLE  TIME-HISTORY  FOR  UNRESTRAINED  M35A2  LOADED 

TRUCK  SUBJECTED  TO  21.9  PSI  INCIDENT  OVERPRESSURE  (151.0  kPa) 
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FIGURE  33.  LATERAL  C.G.  DISPLACEMENT  TIME-HISTORY  FOR  UNRESTRAINED 
M35A2  LOADED  TRUCK  SUBJECTED  TO  21.9  PSI  INCIDENT 
OVERPRESSURE  (151.0  kP«) 


Lateral  C.G.  Displacement  (m) 
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TABLE  7 


SYSTEM  CONFIGURATION  OVERTURNING  PREDICTIONS 


System  Configuration 

Peak  Overpressure 
nsi  (kPa) 

Overturning  Predicted 

M35A2  truck,  with 

S-280  shelter 
(unrestrained) 

12.064  (83.18) 

(assumed) 

Yes 

M35A2  truck,  empty, 

13.9 

(95.8) 

Yes 

with  stake  sides 
(unrestrained) 

21.6 

(148.9) 

Yes 

M35A2  truck,  empty, 

13.9 

(95.8) 

Yes 

with  stake  sides 
(restrained) 

21.6 

(148.9) 

Yes 

M35A2  truck,  loaded 

12.9 

(88.9) 

Yes 

with  concrete  blocks, 
with  canvas  top 
(unrestrained) 

21.9 

(151.0) 

Yes 

M35A2  truck,  loaded 

12.9 

(88.9) 

Yes 

with  concrete  blocks, 
with  canvas  top 
(restrained) 

21.9 

(151.0) 

Yes 

M35A2  truck,  loaded 

12.9 

(88.9) 

No 

with  concrete  blocks, 
without  canvas  top 
(unrestrained) 

21.9 

(151.0) 

Yes 

M35A2  truck,  loaded 

12.9 

(88.9) 

No 

with  concrete  blocks, 
without  canvas  top 
(restrained) 

21.9 

(151.0) 

Yes 

M38A1  jeep,  empty, 

12.9 

(88.9) 

Yes 

with  no  canvas 
(unrestrained) 

21.9 

(151.0) 

Yes 

M38A1  jeep,  empty, 

12.9 

(88.9) 

Yes 

with  no  canvas 

21,9 

(151.0) 

Yes 

(restrained) 
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0.0  -178. 

29.26b  00.75 


Tire  non-linear  force-tangential  displacement  data  (lbs.  Inches) 


3  -  Tire  and  gravity  data  (inches 
20.575  1000.  586. 
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APPENDIX  B 


INPUT  DATA  LIST  FOR  TRUCK  CODE 
M35A2  TRUCK,  LOADED,  WITH  CANVAS 
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APPENDIX  C 

INPUT  DATA  LIST  FOR  TRUCK  CODE 
M35A2  TRUCK,  WITH  S280  SHELTER 
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USER  EVALUATION  OF  REPORT 


Please  take  a  few  minutes  to  answer  the  questions  below;  tear  out 
this  sheet  and  return  it  to  Director,  US  Army  Ballistic  Research 
Laboratory,  ARRADCOM,  ATTN:  DRDAR-TSB,  Aberdeen  Proving  Ground, 
Maryland  21005.  Your  comments  will  provide  us  with  information 
for  improving  future  reports. 

1.  BRL  Report  Number _ _ _ 

2.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related 
project,  or  other  area  of  interest  for  which  report  will  be  used.) 


3.  How,  specifically,  is  the  report  being  used?  (Information 
source,  design  data  or  procedure,  management  procedure,  source  of 
ideas,  etc.) _ 


4.  Has  the  information  in  this  report  led  to  any  quantitative 
savings  as  far  as  man-hours/contract  dollars  saved,  operating  costs 
avoided,  efficiencies  achieved,  etc.?  If  so,  please  elaborate. 


5.  General  Comments  (Indicate  what  you  think  should  be  changed  to 
make  this  report  and  future  reports  of  this  type  more  responsive 
to  your  needs,  more  usable,  improve  readability,  etc.) _ 


6.  If  you  would  like  to  be  contacted  by  the  personnel  who  prepared 
this  report  to  raise  specific  questions  or  discuss  the  topic, 
please  fill  in  the  following  information. 

Name: 


Telephone  Number: 
Organization  Address; 


